A sputum test is noninvasive and simple. It contributed to correct diagnosis of a patient with severe acute respiratory failure. We again point out the usefulness of sputum cytodiagnosis for differentiating severe pneumonia.
Introduction
We have often encountered patients with hematological malignancies who develop pulmonary complications. While the most frequent cause is infection, complications can also arise due to treatment (radiation/chemotherapy)-associated toxicity, tumor cell infiltration, and hemorrhage. Furthermore, it is common for multiple causes to contribute to the onset of pulmonary complications in these patients [1] .
Moreover, pulmonary complications often become severe quite rapidly in patients with hematological malignancies due to factors such as myelosuppression and reduced immune function, leading to a fatal outcome in some cases. Therefore, early diagnosis and appropriate intervention for the etiological factors are important. While bronchoalveolar lavage (BAL) and transbronchial lung biopsy (TBLB) are useful for differential diagnosis of pulmonary diseases, these procedures are more invasive in patients with hematological malignancies due to an elevated risk of infection and/or hemorrhage. It can also be difficult to perform such procedures because of rapid deterioration of respiratory function.
We report a patient with rapidly progressive pneumonia after chemotherapy for acute lymphoblastic leukemia (ALL). Herpes simplex virus (HSV) pneumonia was identified by sputum cytodiagnosis, and treatment with acyclovir (ACV) was successful in salvaging the patient.
Case Report
A 57-year-old man was referred to our hospital with a bleeding tendency. The results of bone marrow aspiration suggested ALL, and prednisolone (PSL) therapy was started on the day of admission. After evaluation of the disease type, remission induction therapy was initiated as soon as possible. Febrile neutropenia-related septic shock occurred 9 days after admission. Treatment with a broadspectrum antibiotic resulted in prompt improvement, and the patient's temperature was normalized. However, the patient complained of painful dry lips from day 12, and his respiratory status showed rapid deterioration on day 15 ( Fig. 1) . Chest computed tomography (CT) revealed ground-glass opacities in the bilateral lung fields (Fig. 2) . Respiratory failure and hypoxemia became worse on the , and CMV antigenemia was negative. Cytodiagnosis was performed using a sputum sample obtained on the morning of day 16, revealing multinucleated cells with ground-glass-like nuclei on the same day (Fig. 3) . This finding suggested that HSV pneumonia was the etiology of the patient's rapidly progressive respiratory failure, so administration of ACV was started immediately. Noninvasive positive pressure ventilation was also performed for respiratory support, and the patient gradually improved over 1 week (Fig. 1) . Subsequently, polymerase chain reaction (PCR) analysis of sputum identified HSV type 1 and PCR of serum confirmed a high HSV-DNA level (1.3 9 10 4 copies/mL). On day 28, repeat chest CT confirmed that there was marked improvement of the interstitial changes (Fig. 4) . Oxygen administration was ceased. Subsequently, he recovered from myelosuppression, and bone marrow analysis confirmed hematological remission.
Discussion
Herpes viruses are double-helical DNA viruses [2, 3] . Among them, HSV [4] , varicella-zoster virus (VZV) and cytomegalovirus (CMV) are causes of pneumonia in humans. HSV infects the host's neural ganglion cells and generally lies dormant [5, 6] . It can be reactivated by stress or if the host develops immunosuppression [2, 3, [7] [8] [9] , causing infection of various organs such as the skin, brain, and esophagus [10, 11] . Respiratory infection may lead to tracheobronchitis or pneumonia [9, 12, 13] . In the present patient, the HSV antibody titer was consistent with previous infection. After the start of remission induction therapy for ALL, the latent virus may have been reactivated due to immunosuppression, leading to development of HSV pneumonia. HSV is classified into two types (HSV-I and HSV-II) based on its antigenicity profile [8, [14] [15] [16] . HSV-I is frequently involved in pulmonary disease [9, 12, 13] . It may be transmitted in the saliva [17] [18] [19] and causes lesions from the oral to pharyngeal regions [20, 21] with the potential for progression to respiratory tract infection [14, 22] . In the present patient, stomatitis was advanced before exacerbation of respiratory dysfunction and HSV-I was identified in the sputum by PCR. For diagnosis of HSV pneumonia, it is initially necessary to isolate the virus. However, the virus may be inactivated by neutralizing antibodies produced by the host from 1 week after the onset of infection, resulting in a marked decrease in the isolation rate. Therefore, isolation of the virus by cell culture of pharyngeal fluid or BAL specimens needs to be performed early after the onset of infection [23] . However, HSV is sometimes isolated from the airways or urine in the absence of active infection, so its significance should be evaluated carefully [2, 9, 19, 24] .
In patients with HSV pneumonia, focal or diffuse ulceration of the tracheobronchial mucosa occurs [22] . Furthermore, necrotic bronchopneumonia is observed in patients with severe disease, and the features of diffuse interstitial pneumonia are noted in some cases. HSVinfected cells with intranuclear inclusion bodies (owl's eyes), which are smaller than those of CMV-infected cells, and mononuclear to multinucleated ground-glass-like nuclei are observed at the periphery of the mucosal ulcers. The intranuclear inclusion bodies are basophilic in the initial phase of infection and become eosinophilic with a halo in the late phase [19, 25] . In addition, proliferating type II alveolar epithelial cells fuse to form large multinucleated cells [26] . In the present patient, HSVinfected cells were identified by sputum cytodiagnosis. However, when HSV-infected cells are detected in respiratory tract specimens like sputum, it is difficult to evaluate whether the source is an upper airway lesion (with influx of cells into the lower airway) or an actual lower airway infection from the pathological findings alone. In this patient, we confirmed a high level of HSV DNA in the serum before initiating ACV administration, and there was a good response to ACV therapy [27, 28] .
To obtain more accurate information for the diagnosis of HSV pneumonia, it might be important to perform bronchoscopy-guided TBLB, which provides pathological information about the lung parenchyma. However, the sample volume collected by TBLB is often quite small [29] , and the risk of this examination is higher in patients with hematological malignancies. Also, it is difficult to perform TBLB if rapid deterioration of the respiratory status occurs, as in the present case. In fact, it has been reported that antemortem diagnosis of HSV pneumonia is difficult in most cases [6, 10, 22, 26, 30] . On the other hand, a sputum test is noninvasive and simple. In our critically ill patient with severe acute respiratory failure, sputum cytodiagnosis contributed to identifying the correct etiology and allowed rapid initiation of appropriate treatment. This case emphasizes the usefulness of sputum cytodiagnosis for making a differential diagnosis of severe pneumonia.
